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(57) [ABSTRACT] 



[OBJECT] 



To provide a new semiconductor device capable of accurately 



modulating electrical characteristics without inhibiting high integration which 
enables a mechanism circuit for automatically adjusting device parameters by 
an on-chip and correcting characteristics dispersion to be packaged into every 
LSI so as to be capable of realizing new active LSIs such as a self-optimizing 
LSI and a self-adapting LSI for allowing reasonably large dispersion of device 
characteristics. 

[MEANS] A semiconductor device of the present invention is 
characterized in that a direction (angle) of an electric field with respect to a 
gate or a channel is controlled so as to adjust a gain coefficient of a transistor. 
Further, the semiconductor device preferably includes a first gate which forms 
a rectangular or parallelogrammatic channel area, and second gates which 
form channel areas substantially including a rectangle between a channel area 
and a source area and a drain area formed on the first gate, respectively. The 
entire channel area, which includes the channel area formed by the first gate 
and the channel areas formed by the second gates on both sides of the first 
gate, preferably forms a rectangular or a parallelogram shape substantially. 
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[MODE FOR CARRYING OUT THE INVENTION] 
First Embodiment 

A semiconductor device according to the first embodiment of the 
present invention is explained below with reference to Figs. 1 to 7. 
5 [Device Configuration] In order to clarify characteristics of a basic 

configuration of the semiconductor device according to the first embodiment, 
Fig. 1 illustrates a layout configurational example relating to a basic 
configurational element of the device. The configurational characteristic of 
the semiconductor device according to the first embodiment is such that a 
10 control gate forming a certain constant angle is additionally provided to a 
normal MOS gate. 

[0021] In Fig. 1, G is a normal MOS gate, Gc is a control gate, S is a source 
area, D is a drain area, chC is a control channel area, C is a contact area which 
is electrically connected with a metal wiring and is used for drawing out an 
15 electrode. 

[0022] The semiconductor device according to the first embodiment is 
characterized in that the control channel areas chC under the control gate GC 
substantially form rectangular shapes respectively between the normal MOS 
gate G and the source S and between the normal MOS gate G and the drain D. 

20 The entire channel area including the control channel areas chC under the 
control gate GC and the channel area under the MOS gate G substantially 
forms a parallelogram. The control gate GC can be, as shown in Fig. 1, 
formed by a gate layer different from the MOS gate G so as to be overlapped 
on the MOS gate G. The control channel areas chC under the control gate 

25 GC may be formed so as to have the same characteristics as that of the 
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channel under the normal MOS gate G. The control channel areas chC may 
be, alternatively, formed so that impurity concentration thereof is set differently 
from that in the MOS gate G and channel conductances can be adjusted 
independently. 

5 [0023] In order to manufacture the semiconductor device according to the first 
embodiment, a prior process for forming the MOS transistor excluding added 
steps of forming the control gate GC and the control channels chC formed 
thereunder may be used. It is, therefore, not necessary for incorporating the 
device to greatly change the prior manufacturing steps. 

1 0 [0024] The semiconductor device according to the first embodiment has a 
shape such that the control gate is added to the prior MOS transistor. The 
semiconductor device is characterized in that one electrode for the control gate 
is added to the prior MOS transistor electrically and thus totally four electrodes 
(when a back gate is included, totally five electrodes) are provided. In this 

15 semiconductor device, as shown in Fig. 2, device shape parameters which 
define the device characteristics include three values including "a gate length 
L" and "a gate width W" of the MOS gate G, and "an angle 0" formed by the 
control gate GC and the MOS gate G. 

[0025] [Characteristic Modulation Mechanism] In the semiconductor device 
20 according to the first embodiment, a resistance (conductance) of the control 
channels chC under the control gate GC is controlled by a voltage to be 
applied to the control gate GC, so that a direction of an electric field in a 
channel direction to be applied to the channel under the MOS gate G is 
modulated. The effective gate length and gate width are changed so that a 
25 gain coefficient p of the transistor can be controlled by a voltage. 
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[0026] A mechanism in which the semiconductor device according to the first 
embodiment can electrically modulate the gain coefficient p is explained below. 
In Fig. 3, arrows represent the directions of the electric fields when the 
resistance (conductance) of the control channels chC under the control gate 
5 GC is equivalent to and enough lower than an ON resistance of the MOS gate 
G (ON resistance of the transistor portion formed by the MOS gate). When 
the resistance of the control channel chC is enough lower than the ON 
resistance of the channel under the MOS gate G, as shown by the arrow 1 in 
Fig. 3, the direction of the electric field becomes approximately vertical to the 

10 MOS gate G (parallel with the channel under the MOS gate G). As a result, 
the substantial gain coefficient p is proportional to W/L On the contrary, when 
the resistance of the control channel chC is equivalent to the ON resistance of 
the MOS gate G, as shown by the arrow 2 in Fig. 3, the direction of the electric 
field becomes vertical to a boundary line of the source S and the drain D of the 

15 control gate GC. As a result, substantially L becomes long, W becomes short, 
and p becomes small. As shown in Fig. 4, when the resistance of the control 
channel is equivalent to the ON resistance of the MOS gate, the effective gate 
length L' and gate width W* can be expressed approximately by the following 
expressions (1) and (2). p' is proportional to the following expression (3). 

20 [0027] 

[Formula 1] 

W = cos9*(W-L*tan9) (1) 
L' = cos9*(L+W*tan9) (2) 
P' oc(W/L-tan9)/(1 +W/L*tan9) (3) 

25 [0028] The maximum resistance of the control channel chC is the ON 
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resistance of the MOS gate G, but when it is set to be larger than that, it is 
assumed that the gain coefficient p becomes smaller. When, however, the 
resistance of the control channel chC is set to be larger than the ON resistance 
of the MOS gate in the device in which the channel conductances of the MOS 
5 gate G and the control gate GC are equivalent, a part of the control channel 
area chC on the drain D side is brought into a saturated state. For this reason, 
the approximation expressed by the expressions cannot be performed, and 
thus the approximation cannot be expressed by a simple relational expression. 
In any cases, it is assumed that when the resistance of the control channel chC 

10 becomes large, the gain coefficient p becomes substantially small. 

[0029] As is clear from these expressions, in the semiconductor device 
according to the first embodiment, the resistance of the control gate channel 
chC is changed by adjusting the voltage to be applied to the control gate CG. 
As a result, the gain coefficient p can be successively adjusted from W/L up to 

1 5 about (W/L tan0) / (1 + W / L*tan9) (when the maximal resistance of the control 
channel is equivalent to the ON voltage of MOS). The adjustable range can 
be set approximately arbitrarily by adjusting the three device shape parameters 
as explained below. 

[0030] [Prediction of Modulation Characteristic] In the semiconductor device 
20 according to the embodiment, as explained above, the adjustable range of p is 
determined by the gate length L and the gate width W of the MOS gate, and 
the angle 9 formed by the MOS gate and the control gate. Fig. 5 illustrates 
how to set a p ratio (maximal value/minimal value) corresponding to the 
adjustable range of p in the semiconductor device of the embodiment by 
25 means of W/L of the MOS gate as the device shape parameter using the angle 



5 



THIS PAii BLAMK (usfto) 



0 as the parameter. Since the above approximation expressions are used, 
the maximal resistance of the control channel is about the ON resistance of the 
MOS gate. 

[0031] As understood from the graph in Fig. 5, the adjustable range of p in the 
5 semiconductor device of the embodiment is superposing of a component which 
increases proportionally to W/L and a component which increases abruptly 
when W/L becomes small, and respective terms become larger in proportional 
to 9. The component proportional to W/L results from modulation of the 
substantial gate channel length L according to the modulation of the direction 

1 0 of the electric field. Meanwhile, the component which abruptly increases 
when W/L becomes small results from modulation of the substantial gate 
channel width W according to the modulation of the direction of the electric field. 
Further, since the angle 0 is proportional to a maximal modulation degree of 
the direction of the electric field, the angle 0 is proportional to the two 

1 5 components. According to these characteristics, it is found that the adjustable 
range of p can be set with a comparatively high degree of freedom according to 
an application, an allowed size of the device, and the like. 
[0032] [Effect] In the semiconductor device of the first embodiment, the gain 
coefficient p can be successively modulated by the voltage to be applied to the 

20 control gate GC. The control range of p adjustable by the voltage is 

determined by the three device shape parameters, namely, the gate length L 
and the gate width W of the MOS gate G, and the angle 0 formed by the MOS 
gate G and the control gate GC. The control range of p can be set 
comparatively freely to values which is several times and several-hundred 

25 times the ratio of the minimal gain coefficient p to the maximal gain coefficient p, 



in the actual device size (only the increase of the area in the control gate). 
Further, an electric power consumed by the modulation of p in the 
semiconductor device of the first embodiment comes only from a leak current 
from the control gate, it is very small, and thus it does not substantially become 
5 a problem. The semiconductor device of the first embodiment can, as shown 
in Fig. 6, realize an n-MOS transistor 3, and a p-MOS transistor 4 in the same 
configuration. For this reason, like an inverter circuit 5 illustrated in Fig. 7, 
drivability of various gates in the CMOS circuit can be electrically adjusted, and 
it is expected that the present invention is applied as a basic device of a future 
10 self-adapting LSI. 

[FIG. 1] Fig. 1 is a diagram illustrating a configuration of a semiconductor 
device according to a first embodiment of the present invention. 
[FIG. 2] Fig. 2 is a diagram illustrating shape parameters defining 

1 5 characteristics of the semiconductor device according to the first embodiment. 
[FIG. 3] Fig. 3 is a diagram illustrating electric fields to be applied to an MOS 
channel of the semiconductor device according to the first embodiment. 
[FIG. 4] Fig. 4 is a diagram explaining a characteristic modulation mechanism 
of the semiconductor device according to the first embodiment. 

20 [FIG. 5] Fig. 5 is a diagram illustrating a characteristic modulation performance 
of the semiconductor device according to the first embodiment. 

[Description of Signs] 

G is a normal MOS gate, GC is a control gate, S is a source area, D is a drain 
25 area, chC is a control channel area, C is a contact, L is a gate length, W is a 
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gate width, 9 is an angle formed by control gate GC and MOS gate G, 1 is a 
direction of an electric field in a channel under an MOS gate when resistance 
of the control channel chC is low, 2 is a direction of the electric field in the 
channel under MOS gate when the resistance of control channel chC is high, L* 
5 is an effective gate length when the resistance of the control channel is 
equivalent to ON resistance of the MOS gate, W is an effective gate width 
when the resistance of control channel is equivalent to the ON resistance of 
MOS gate, 3 is an n-MOS device of the present invention, 4 is a p-MOS device 
of the present invention, 5 is a CMOS inverter circuit composed of the device of 
10 the present invention, 11 is a normal MOS transistor, 12 is an MOS transistor 
for prior gain coefficient modulation circuit, and 13 is a switch for a prior gain 
coefficient modulation circuit. 

Fig. 5 

15 Device p modulation characteristics 
(3 ratio 
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LtcJtW*. -etifcML-r. iWffl?- + *.>UchC#M 
OSy~hG©aC>a!jaiBiraS«©*»^«. EI3©^ 
EP2K»i*TJ:5K:. m»©Gj*tt. *iJSpy-hGC©V 

SCLB6<. WB5®<&0. (8tt/hS<35cS. S4fatt: 
Tn-TiOtC «HW?- + *^»ta56«MOSy-h©*>ffi 
ttil§]fIJK©t§-£K:B. KSttWtty- hfiL" i^-h 
*BW' BififHWK&SS ( 1 ) ( 2 ) •CttCim, 
(3" B^CSC (3 ) ICttW-tZ. 

[002 7] 

[»1] 

W»co6fi*(W.J.nBnff) (1) 
L'=c«5*CL*W*ua&) ... (2) 

[0 02 8] CC-Ctt8Hffl***JbchC©**fflaiMfi 

*Mosy-hG©*>«tSiiiuyt*s. ^ticfcf?^^ 

< 0 /clS^iC tt . *J?#^ /3 BHCC/Jn § < & £ § 
tlS. fc/dU MOSy- hGiffJSy- FGCCf't 

hC£MOSy-HG©:*>Jgta;[ii<fc9*ff < bfciS-^ 
KB. K U-Y > DffliJ©— gP©^? 1 + *;^H8 chCii 

•3. #*6&B8^SC-CB^R-rSCi3&s-C*JS<)5cS. L 
frCftiMCVXla. «NMMRi8B. f'Jffll? 1 f c h C 

©isctfii*^ ^ < & ^ £ , mmtnicfr § < «c -a <t ^rb s 
[0029] cne>©arc#j&>&«fc 5 «:3^jg^s§ 1 © 

IWffliy- h^-r^Uc hC©«!afl4XAiCiK:J:'r> 
t, 5Wf#^»/3 4W/L*>6 (W/L - t a n 6 ) / 
(1+T/L*tan9) mm. (ftW^ + ^^ffi^S 
.^•CMOS©+>SJE<!:P]®S<tUfcJS^) *TaB»B«j 
«:H»T4Ci*JpJ«6-C*i. 0*>fc-*©8BPiJ*MilS 
B3o©3R-?^tt^5^-ifffl©ia6teJ:-a'r. ^{CK 

§3T 5 J: 5 k . «ii «**c»je-r a c £ arejsirc * s . 

[0 0 3 0] [gOSBWtt^tJ] *^Jf^J©*»^^ 



(5) 
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y-nswt. Mosy- j-i^y-hicD^-rfts 
efc<fcoT£©BWrait6iSHjWfc*4. -ec-c^stc. 

it <«*ffl/«/MB> **. Sf^^7^-fC*SM 
[0 03 i ] ia5©y-5 7-c^3&>5J:5«:. SSIJi^JS io 

©fo*©a3«K:#53IJtt?>y- I- *r**SL©9»«C 

fSJ5R»B«»©rtl*©gEIIB«:(*958»Wy-r h ^ + * 
;MIW©^g3tctgHL/Tl>S. 
©**^©**3(cifc0!hr4©-t\ -o©fifc#&*tc 
ttwsc cne>©#»6. n 20 

Sx/W -Y ^ftcjSDTttRWS Sff©iBt> £HS 
[0 0 3 2] [SSfcHI] feLb©«fc 5 K. #HSS0!B 1 ©¥ 

Vft*?i*. ■€■©«»«« is*. fgck:^*. 
Mosy- hG©y- hSLR^y- Kiwi, mos* [$2] 



tmrtuxiMx («H»y-ha©isw§jD©*) 

■P. «/h© /8 £ &*© 18 ©Jt**flS* & 
sHUUSS 1 ©**{**?•«:* W * 18 gaH©*tci|i« 3 

o-em&X'hs < . ^jtnraKtt&tt^Hflrc**. 

fc. n-MOSh7>^^-3, p-MOSh7>i> 
X*-4, *K|sl«l©^r^T-5>C<!:*5-p#5>© 

r. m 7 rttc^-r-s ^@s§ 5 ©«tMc cm 

tcsast-sciSnjtBu *5*©aaau£asLS 1 ©a 
#st^£ ur-e©jBffl*j)msns. 

[0 0 3 3) 08 IC*gHB©ggi0gtt2 4 

c©**jKB2-ct*. fonami way 

- hGC©Tte^&S*a£$!KSI^*.*..>Uc h C©ffM£# 

fc-5Ti fiuie&frJ»^i'*^chC£MOSy-hG 

!%ThZt1fi~e%Z>. WcU ffi&Utc&{&.5£ (1) ~ 
( 3 ) {C£T©«HE**e0« £ 0 . * * 'X© ( 4 ) 
(5) ©i^KftO. fSS^KJtW-J-S. 
[0 0 3 4] 



Wicos fl *(W-(L+«+b)*Uui 0 ) 
U-cos ft *(L+a+>*W*&i ft) 



ft'pc^/^l+VLrt/Lj'tanft >(l+a/L+b«a.+W/L»taiift) 



(5) 
(<>) 



[0 0 3 5] {IU ±IB^F'g©afc«tDfb« > @8rtiC 

tjkLtc&mm? + ^(^©jsfcs&a-©? 1 + * ^rsKc?a 

ofcg^-C*?.. C©H*S»ffi-Ctt. W»*f*JHW« 

[0 0 3 6] mem 3.09 tc##siB©fi*&&88 3 * 
ijvr. c ©*«?&» 3 -cut. sotjgttiitt^. «»y 
- h gc#mo s y- h g tm— ©y- f rnvmrnvtc 

tg&$:mlsr\,>Z>. MWy-hGCtMOSy-FGi 
*|BI— ©y-hJi-CJ&JSW-5»^tt. flMlWKdJB-J-S 

awe. a*a*ct*«a*r. ia9-e^-rjt5«:. wwy 

-hGCiMO.Sy- hG£©ffl«:*4®K (#81*01 
fSSfig) ©HdHHr*WSt4W**4. *©»*■«? 
fc. -£-©*flffliy-hGC£MOSy- hGIH©»MWV 
-X • KU^><tl5I-Xg-Pj&E£Stl4©r < ^©ffifc 
ffltt&s>-cfg< . c©*T4^"C*>*StttcH3<a»e» 
1 £Kfoi5«:l>»tt'&wT..JW»«»i8©gEIIBaffi« 
tt. *Wy-hGC&MOSy-hGIB©BtlH*a. b 



£-rn«±IBSC (4) - (6) *^TBJ5. c©nss 
?^SI3fli. SfJffliy- hGC=&^T-5.©tC&^.r^lJ© 

[0037] ^J60*J4 . h 1 0 ic*&w<DmMmm4 

y- hGC£MOsy- hGtcngbrsijcu-YT 1 ? h^j 

7 >s^x ^©rfttisiistcstuTaa^y- h *jmo s y 
- h G^jaiy- v Gc*©^ti/cw-c. n®a«j^j5&# 

«1§I«-C4>^„ C©*»»»4*>6tt. *^©*^{* 

^©#m*i. $oay-hGCiMosy-hG<!:CD« 

5. 

[0038] mmmi&5. m 1 1 «c*»w©iasji5j«5 
^•r. c©3(at3&»5r«. wapy-hGCiMo-s 

50 y- hG£©^-TftS6l4^:#< LfcS^TMOSy- 



(6) 



3fc"<fc«:«fiWc«c-?"C*5»J. MOSy-hGtt$4©$r9 
ill/ (=*Wlf) KttoTt»5. C©3EIB$»5tt. * 

(C v **©?4X£«ia.4©{c«8rt?*4. 
[0 03 9] 

BLkoi^K:. #»g§K:J:*itf, MOS 
h -5 $ - ©fijff ffift /3 £ r ^ P aTOKWBBWC 

saw) ^o-fe^sjBrsatcRjsr io 
sctm. CMOsiHiifsr«fiS$nsfi£*©*6t9> 

5 L S I {c«*jitr CtHfiX-ft * > ? ? 7 - Tf 

^< ^ ^ - # t estitssg i/Wtt^ 7 ? * zffijE-r zmm 
s i-^saaiEaaLS i fc<>r©£<*riA»*6tt3SLs i 

tf. 863ft<fc 0^a«L S I ©Wtt«Mfc*K±-f *BHi 

^K^5*^mtgatttt<!r©«ttw--tt«:iBHr4 20 

(WIS*. ^*{C»BT*4J»»*s*4. 
[0®©jB#«c^] 

[El] *ft38©XJ&£tt 1 ©*3W*«-7-©«fiJi*^-r 
0. 

[12) *gtfflftgJB 1 ©*33W«R-^©1#tt*a3e-S'S» 

[EI 3 3 *IEte^SS 1 ofiftS^OMO s ?=• f*;i/tc 
*>*>£«#*7jV$-0. 

[El 4 ] *ffeteft;Sg 1 ©*S«*J)HP©#ttseflM 

A*SftK-r*S. *30 
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im 5 ] *mftig 1 ©*aw**^©«ttseiHttt6'fc^ 

[06 ] 1 o^Mf-KJ:5CMOS§K 

[07 ] xmmm 1 o^awjRWiscMo suss 

[08] **W©3W!S^»2%K?l3r*ft:«&©BI. 
[09] *«W©H»0»3*lft91-r4fc«)©BI. 
[010] *!fe91©!tlt3Btt 4 *»WT 6 A:*©H. 
[011] *»W©SOt»ffli5 48iWrSfc«&©BI. 

[012] se*©s|£j»{*«^iiiwr *fc«>©ia. 

[013] fi6*©¥»f«R^-*ttWj--5A:«>©ia. 
[014] S6*©*i»flc»-?-*ttWr-5fc»©BI. 
[015] S6*©^tt3R-f-*8iWr*fc«!>©ISI. 

GttltCMOSy-h, GCttWffliy-h. SttV- 
D « K U -Y >SB«. chC ttSUffil* +• * j^S 

'-FGCiMOSy-FGiOiSfM. IB 
Wft^k hC©»Siffl*HBl,»*B*©MOSy- h 
Tf + *JUF"g©«S©|ol* > 2«§iJ®^ + *;Vc hC© 
&Kffi* 5 m>*I-£-©MO sy-hTft^ JV[*J<DWSl<D 
I**. L' t3#JW****^#MOSy-h©*>» 
Jfi±RmK©»£-©ISaSfc)&-&'- hft. W «*(J®^+- 
♦JlWMOSy- h©*>ig£t£|5j*IK©*§-£©Sl 

-/ w<- $ UK. 1 1 {iii^r©M osh7>f^*-, 

1 2 Kftdfe©^flHRS8Hia!&fllMO Sh5>yx$ 

1 3 KWkvmmmsamKmx 4 ■» 



[0i ] 



[02] 
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